The aim of this study was to investigate the chemical composition and antifungal activity of four essential oils from Apiaceae family, Pastinaca sativa, Foeniculum vulgare, Pimpinella anisum and Anethum graveolens, against Candida spp. reference strains and clinical isolates from human oral cavities. Chemical analysis of the essential oils (GC-FID and GC/MS) showed that predominating chemical classes in the essential oil of A. graveolens was monoterpene hydrocarbons (49.4 %) and the major constituent of the oil was carvone (42.2 %): while in the oils of P. anisum, F. vulgare and P. sativa majority of compounds belong to phenylpropenes (80.9 %, 65.9 % and 49.4 %, respectively): and the major oil constituents were trans-anethole (65.1 % and 80.8 %) and myristicine (49.0 %): respectively. Minimum inhibitory (MIC) and minimum fungicidal (MFC) concentrations were determined using microdilution method. All the tested oils inhibited growth of Candida spp. The strongest antifungal activity was shown by A. graveolens essential oil (MIC 0.63-2.5 mg mL ). In addition to the common use of parsnip, fennel, anise and dill in traditional medicine, present study validates use of their essential oils in treatments intended for reduction and elimination of Candida spp. population in human patients with fungal infection.
INTRODUCTION
The genus Candida forms a part of the normal oral microbiota. C. albicans is an opportunistic pathogen and a major causative agent of superficial as well as life treating dissemination infections [1] . Besides C. albicans, other Candida species, such as C. krusei, C. tropicalis, C. parapsilopsis, C. dubleniensis are even more frequently isolated as a consequence of invasive treatments in immunocompromised patients and use of wide spectrum antibiotics [2] . Currently available synthetic drugs intended for treatment of fungal infections, Fluconazole and Nystatin, bring about challenge such as development of resistant strains and thus limited clinical effectiveness [3] . These impose necessity to find out safer and more efficient antifungal agent for proper management and treatment of Candidarelated infections.
Interest in therapeutic use of non-conventional, non-prescription, or socalled natural medicines in the field of infectious diseases increased remarkably in recent years. Plants present valuable sources of new bioactive compounds, mostly driven by the well-known side effects of conventional drugs as well as by the spread of antimicrobial resistance to otherwise efficient and well-tolerated drugs [4] .
Apiaceae (Umbilliferae) family comprises more than 3700 speciesspread across 455 genera [5] . This family includes well known plants such as: anise, carrot, dill, fennel, parsley, parsnip, celery etc. Plants from Apiaceae family are known as condiments due to their flavor, and are also appreciated in perfumery and medicine [6] . They have been used as household remedies against digestive, gynecologic, neurologic, respiratory and gastrointestinal disorders (e.g. indigestion, flatulence, colic pain etc.): and their dry ripe fruits and essential oils have aromatic, carminative, stomachic and diuretic properties [7] . The essential oils (EO) of these plants have been also reported to possess antimicrobial activity [8] [9] [10] [11] .
The objective of this study was to evaluate chemical composition and determine minimum inhibitory and minimum fungicidal concentrations of four essential oils belonging to Apiaceae family, Pastinaca sativa, Foeniculum vulgare, Pimpinella anisum and Anethum graveolens, against reference and oral Candida spp. clinical isolates. The results were compared with positive control, Nystatin.
MATERIAL AND METHODS

Essential oils
Four essential oils (EOs) from Apiaceae family were used in this experiment. The seed oils from Foeniculum vulgare, Pimpinella anisum and Anethum graveolens were purchased from Herbal Pharmacy of the Institute for Medicinal Plants "Dr Josif Pančić" Belgrade, Serbia, while the root oil from
Microorganisms
In this study, fifty four clinical isolates of Candida spp.and two ATCC strainswere used of (Candida albicansATCC 10231 and Candida tropicalis ATCC 750). Reference strains were obtained from the Laboratory for Mycology at the Institute for Biological Research "Siniša Stanković" University of Belgrade, Serbia. All clinical isolates were obtained by rubbing sterile cotton swabs over oral mucosa from randomly chosen patients at the Department of Pediatric and Preventive Dentistry, Faculty of Dental Medicine, University of Belgrade, Serbia. The swabs were transferred to SD broth medium for Candida and thoroughly mixed using vortex mixer and 50 μl of suspension inoculated on various selective and non-selective medium and incubated microaerobically for 48 h at 37°C. Isolates were identified using biochemical profiles with API 20C (bioMérieux France) and Chrom-Agar (Liofilchems.r.l. Italy).
Antifungal activity
Minimum inhibitory (MIC) and minimum fungicidal (MFC) concentrations were determined by microdilutiom method in 96 well microtitre plates [13] . Briefly, fresh overnight cultures of yeasts were adjusted with sterile saline to a concentration of 1.0X10 5 CFU/per well. The microplates were incubated for 24h at 37°C. The MIC of the samples was detected following addition of 40 μl of PIodonitrotetrazolium violet (INT) 0.2 mg mL -1 (Sigma I8377) and incubation at 37°C for 30 min. The MIC was considered as a lowest concentration with no visible growth detected under microscope. The MFCs were determined by serial subcultivation of 10 µl into microtitre plates containing 100 µl of broth per well and further incubation for 24h at 37°C. The lowest concentration with no visible growth was defined as MFC, indicating 99.5% killing of an original inoculum. Nystatin (Hemofarm, Serbia) was used as a positive control.
RESULTS AND DISCUSSION
Chemical composition of investigated Apiaceae family essential oils is presented in Table 1 .
The hydrodistillation of P. sativadry roots yielded 0.16% (w/w) of essential oil. The oil proved to be almost equally rich in phenylpropenes and monoterpene hydrocarbons, which together accounted for 97,7% of the total oil content. The major oil constituents were myristicine (49.0%) and terpinolene (39.8%): as also reported in another study [14] , though the contents of those two constituents quite differed. Similarly to P. sativa, the EOs from P. anisum and F. vulgare were abundant in phelypropenes (80.8% and 65.1%, respectively); the major constituent of both oils was trans-anethole. Earlier studies also confirmed the abundance of trans-anethole in both oils [15] as well as a great variability in its content [16, 17] . In addition, analysis of both EOs also revealed a high content of oxygenated monoterpenes, but the major difference between them was in contents of mono and sesqiterpene hydrocarbon oil portions. The result of analysisof our A. graveolens EO is in consistency to another study [18] . In addition, the oil revealed quite differing composition comparing to the remaining three Apiaceae oils. The two main EO classes, monoterpene hydrocarbons and oxygenated monoterpenes, contributed to the oil in almost equal quantities, together representing 99,8 % of the total oil; the major constituents proved to be cis-anethole (40,2%): limonene (32,0%) and phellandrene (14.2%).
The results of antifungal activity of selected EOs are presented in Table 2 . , respectively. There are many reports of antimicrobial effect of Apiaceae family EOs, related to medically significant bacteria and fungi [19] . However, limited data exist regarding the activity against clinical specimens, particularly C. krusei and C. glabrata. In our study, in comparison C. albicans whose clinical isolates expressed great variability in their susceptibility to tested Apiace EOs (MIC 0.63-5.0 and MFC 1.25-10 mg mL In addition, in the present study, no great differences in their response to the tested Apiace EOs were observed between the tested clinical isolates and the reference Candida spp. strains. Regarding the general susceptibility to Apaceae EOs, clinical isolates of C. krusei and C. glabrata, in comparison to C. albicans, seemed to be more and less susceptible, respectively (Table 2) .
In the present study, all the tested microorganisms were inhibited by selected essential oils to a certain extent. Previous research on antifungal activity of F. vulgare, P. anisum, P. sativa and A. graveolens essential oils showed that they possess a specific activity [20] [21] [22] . However, due to different test methods applied, in addition to different fungal strains and sources of antimicrobial samples, the results from different studies are not directly comparable with ours. Similarly to our other study [23] , in the present study, the oil of A. graveolens with its highest contents of both, monoterpene hydrocarbons and oxigenated monoterpenes, comparing to other three EOs (Table 1) : was the most efficient oil against almost all fungi. The exception was ATCC single strain of C. tropicalis that proved to be the most susceptible to P. sativa oil, followed by the oil of A. graveolens; the both oils are rich in monoterpene hydrocarbons, while the oils of P. anisum and F. vulgare, that generally expressed lower antifungal activity, are poor in this class of compounds.
Plant EOs have been used in folk medicine for many years. Among them, due to their antimicrobial activity against a wide range of pathogenic microorganisms, EOs from Apiaceae species attracted a huge interest. Nowadays, the resistance of human pathogens to multiple drugs is well known and it indicates the urge to search for novel antimicrobial substances; plants represent a huge source of natural compounds with various biological activities and desirable therapeutic properties.
During the last two decades, the yeasts of the genus Candida have received a great attention in medical literature. Use of herbs and its products for various health problems, as an alternative to the standard drugs, is prevailing in developing countries and already well established in some cultures and traditions. With regard to the mentioned raising trend, our results seem to be very encouraging. They prove that tested secondary metabolites (essential oils) extracted from aromatic plants of Apiaceae family possess natural antifungal potential; among the tested EOs, the oil from A. graveolens was the strongest one against all tested clinical isolates. As it is explained, its efficacy seems to be directly linked to its chemical composition (high portion of monoterpenes). However, use of the entire EOs does not allow determination of single active principles, and some studies shows that oils in its complete composition express a greater antimicrobial activity than their single components, suggesting a great meaning of synergistic effect of the oil's minor and major constituents [24] .
Although in comparison to Apiaceae EOs tested in our study Nystatin showed stronger antifungal activity, it is well known that synthetic drugs may cause certain adverse effects, such as toxicity, allergic reactions, and possibly lead to the emergence of resistance after a certain period of use, particularly in patients with recurrent infections with Candida. In addition, antifungal and therapeutic potential of herbal essential oils and their components are known for their in vitro and in vivo efficacy, with no harmful effects [25] .
Development of resistance to synthetic drugs poses a serious long-term threat to the public health. This work suggests essential oils as naturally occurring antimicrobial agents that could be used in formulations of a novel, promising drug intended for use in treatment and prevention of Candida-related infections. Further and more detailed studies are required prior to their application in the regular clinical dental practice.
